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Proton-proton collisions at centre-of-mass energies of 0.9 and 7 TeV First ATLAS BEC results publication arXiv:1502.07947 -submitted to EPJC ( Feb. 2015) Bose-Einstein correlations -correlations between two identical bosons (consequence of the symmetry of identical bosons wave function) -BEC effect corresponds to an enhancement in two identical boson correlation function when the two particles are near in momentum space.
BEC -sensitive probe of the space-time geometry of the hadronization region -allows the determination of the size and the shape of the source from which particles are emitted.
Two particle correlation function BEC effect -described by a function with two parameters:
-the effective radius R and -the strength parameter λ -incoherence or chaoticity factor.
Density function -parameterized in terms of the Lorentz invariant fourmomentum difference squared: Q 2 = -(p 1 -p 2 ) 2 5 Probability to observe two particles with momenta p 1 and p 2 Probability to observe one particle with momenta p 1 or p 2 Statistics: at 900 GeV: 3.6x10 5 events with 4.5x10 6 tracks and at 7 TeV: 1x10 7 events with 2.1x10 8 tracks passed selection criteria.
High Multiplicity (HM) dataset at 7 TeV was studied for the first time in BEC analyses. Statistic for 7 TeV (HM) 1.8x10 4 events (2.7x10 6 tracks) were selected (integrated luminosity ∼ 12.4 nb -1 ).
Integrated luminosities: 7 µb -1 at 0.9 TeV and 190 µb -1 at 7 TeV.
Track and event selection criteria applied (details in backup s.24)
Tracking and event efficiencies, unfolding to particle level. 
Coulomb correction
The measured N(Q) distribution for the like or unlike signed particle pairs in presence of the Coulomb interaction is given by:
The size of this correction not to exceed 20% for Q > 0.03 GeV. 
Event corrections
The trigger efficiency -ε trig (n),
The vertex reconstruction efficiency -ε vert (n),
We use the formula: The multiplicity distributions -corrected to the particle level using an iterative method (Bayesian approach). The unfolding matrix is built using the ATLAS MC09 PYTHIA tune.
Fraction of pile-up in the HM events
Fraction of events with pile-up: 1-2%, ⇒ charged particle from the pile-up vertex do not contribute much to each primary vertex (negligible).
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Performed corrections for:
1. The track reconstruction efficiency -ε (p t ,η), 2. The fraction of secondary particles -f sec (p t ,η), 3. The fraction of selected tracks for which the corresponding primary particles are outside the kinematic range -f okr (p t ,η), 4. The fake tracks -f fake (p t ,η),
We use the formula:
We take measured ATLAS ε (p t ,η) and f (p t ,η) distributions.
-The effect of events lost due to the trigger and vertex reconstructioncorrected using event-by-event weights applied to each pair of particles.
-The resolution of Q -obtained to be better than 5 MeV -to exclude track fake reconstruction the Q-threshold 20 MeV was taken. 
Systematic uncertainties
Systematic uncertainties on λ and R for the exponential fit of the two-particle doubleratio correlation function R 2 (Q) in the full kinematic region at √s =0.9 and 7 TeV for minimum-bias and high-multiplicity (HM) events. 
Correlation function R 2 (Q): Gaussian and exponential fits
The two-particle double-ratio correlation function R 2 (Q) in pp collisions at (a) √s =0.9 TeV, (b) 7 TeV and (c) 7 TeV high-multiplicity events. Region excluded from the fits -bump is due to an overestimate of ρ → π + π − decays in the Monte Carlo simulation. Only statistical uncertainties shown.
The results of BEC parameters for fits (exponential) of R 2 (Q), the unlike-charge particle reference sample used: Parameters λ and R vs particle multiplicity Multiplicity, n ch , dependence of (a) λ and (b) R from the exponential fit to R 2 (Q) functions at √s = 0.9 and 7 TeV, compared to measurements of the CMS and UA1 experiments. The curves are the results of (a) the exponential and (b) 3 √n ch for n ch < 55 fits.
The dotted line in (b) is a result of a constant fit to minimum-bias and high-multiplicity events data at 7 TeV for n ch ≥ 55 ⇒ saturation of R at high multiplicities: 
Parameters λ and R vs track pair k T
The k T dependence of λ (a) and R (b) -from the exponential fit to two-particle double ratio at √s = 0.9 TeV, 7 TeV and 7 TeV high-multiplicity events. The curves -results of the exponential fits.
The average transverse momentum k T of the particle pairs k T = |p T,1 + p T,2 |/2. Results -compared to measurements by the E735 experiment (Tevatron) , and by the STAR experiment (RHIC) .
The error bars -the quadratic sum of the statistical and systematic uncertainties. The k T dependence of λ (a) and R (b) -from the exponential fit to R 2 (Q) function at √s = 7 TeV for the different multiplicity regions: 2 ≤ n ch ≤ 9 (circles), 10 ≤ n ch ≤ 24 (squares), 25 ≤ n ch ≤ 80 (triangles) and 81 ≤ n ch ≤ 125 (inverted triangles).
The decrease of λ with k T is nearly independent of multiplicity for n ch > 9 R-parameter decreases with k T and exhibits an increase with increasing multiplicity
The error bars -the quadratic sum of the statistical and systematic uncertainties.
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Comparison with previous measurements
Most of the previous experiments provided R measurement with a Gaussian fit.
The comparison to the exponential fit can be done using the scale factor √π : 
Conclusions
• The Bose-Einstein correlations of the pairs of identical charged particles have been measured in |η|<2.5 and p T >100 MeV in pp collisions at 0.9 and 7 TeV with the ATLAS detector at the LHC.
• A clear signal of BEC enhancement was observed in the region of small relative momentum. The studies are carried out using the double ratio correlation function.
• Multiplicity dependence of the BEC was investigated up to very high multiplicities (≈240). A saturation effect in multiplicity dependence of the extracted BEC radius was observed at level R = 2.28 ± 0.32 fm.
• Dependence of the BEC parameters on track pair k T and on particle p T was investigated. Table 6 from ATL-PHYS-INT-2011-001. Summary of all tracking efficiency systematic. The tracking efficiency systematic are given in bins of track pT and η. All numbers are in percent and relative to the corresponding tracking efficiencies. The total uncertainty is the sum in quadrature of the listed components: a) MC material description, b) track selection, and (if given) c) the pT turn-on systematic. For tracks with pT>10 GeV, an additional uncertainty of 10% due to the χ 2 cut, the systematic uncertainties due to badly-measured tracks, as well as the impact of the degraded core pT resolution in data (up to 7%) have to be considered.
